Culture Media and Culture Conditions
The zygotic embryos isolated from the seeds were carefully transferred onto (i) half and full strength MS [17] and B5 [18] media supplemented with varying concentrations of sucrose (10 -30 g/L) and (ii) half and full strength MS and B5 media supplemented with different concentrations of plant growth regulators (PGRs-BAP/ KIN/ 2,4 D). The medium was solidified using 0.8% (w/v) agar (Hi-Media, India). The P H of the media was adjusted to 5.7±0.1 either with 0.1N HCl or 0.1N NaOH before autoclaving at 121 o C for 15-20 minutes. The effect of the orientation of zygotic embryos was also studied by placing the embryos horizontally, vertically, half-dipped and embryos with a small portion of cotyledon. All the cultures were incubated at 25±2ºC under a 16 hr photoperiod with light intensity of 40-50 µmol -2 s -1 maintained by using white fluorescent tubes.
Plantlet establishment
After embryo germination and maturation, the seedlings were taken out from the culture vessels and washed with sterile distilled water to remove traces of agar and transferred to plastic cups containing sterile vermiculite: garden soil (1:1) and were covered with polythene bags to maintain the relative humidity (85-90% RH) and kept in culture room for 3 weeks. Later the plantlets were transferred to plastic pots containing garden soil and kept in growth chamber at 25-27ºC. After hardening/acclimatization these plantlets were shifted to earthenware pots and maintained under shady conditions in the research field.
Data Analysis
Data of 20 replicates were recorded and each experiment was repeated thrice. Data on embryo germination and multiple shoots formation were recorded periodically and results were analyzed statistically.
III. Results

Effect of medium and concentration of sucrose
Zygotic embryos of S. alata were cultured on full and half strength MS and B5 basal media supplemented with different concentrations (10-30 gm/L) of sucrose (Table-1; Fig. 1 ). Germination of the zygotic embryos started within 2-3 days of inoculation. Colour change of the zygotic embryo from white to green, which is the first visible sign of embryo germination was observed within 2 days of inoculation followed by radical elongation. Shoot emergence was observed after 6-7 days of inoculation and well developed seedlings with healthy shoots and roots were formed by end of the 3 rd week of culture. Among the various concentrations of sucrose used, absolute percentage of embryo germination (100%) was observed on both full strength MS medium with 20, 25 and 30g/L sucrose and also on half strength MS medium containing 20, 25 and 30gm/L sucrose in comparison to B5 medium where a maximum of 82% germination was observed. Less percentage of zygotic embryo germination was observed on half strength MS medium with 10 g/L sucrose (Table-1). As the concentration of sucrose decreased, gradually the percentage of germination was decreased in both the types of (MS, B5) media used. The zygotic embryos were converted into callus on half strength MS and B5 media containing 10, 20g/L sucrose while at 10 g/L sucrose on B5 medium, embryos did not respond. Early germination of zygotic embryos was also observed on full strength MS medium containing 20-30g/L sucrose. High percentage of germination with healthy seedlings formation was observed on MS medium compared to B5 medium.
Of all the concentrations of sucrose and media used, healthy seedlings with well developed shoot and root systems was observed on full strength MS basal medium supplemented with 20 g/ L sucrose.
Effect of PGRs
The zygotic embryos were also cultured on MS medium containing 20 g/L sucrose supplemented with various concentrations (0.5-5mg/L) of 2, 4 D/ BAP/ KIN ( (Table. 2). Although 100% of zygotic embryo germination was observed on all the concentrations of 2, 4 D, whole embryos were converted into callus after 6 weeks of incubation.
Highest number of multiple shoots was recorded on MS medium containing 20 g/L sucrose supplemented with 2.0mg/L BAP (3.1 ± 0.32) followed by 2.5 mg/L KIN (2.8±0.51) and 2.5mg/L BAP (2.7±0.82) with an average shoot length of 7.3±0.91, 3.0±0.17 and 6.3±0.42 cms respectively (Table. 2). The seedlings developed on MS medium supplemented with KIN showed stunted growth with profuse rooting. The radical portion of the embryos elongated during germination in the medium with 2, 4 D turned into callus after 7-9 days of culture hindering the further development of roots (Fig.1d) . More number of multiple shoots was observed on all the concentrations of BAP tested than KIN.
Effect of Embryo orientation
The zygotic embryos were cultured on MS medium with 20g/L sucrose in different orientations (Table. 3). The zygotic embryos placed vertically showed 100% germination followed by the embryos with a portion of cotyledon attached to it (96%). The germination percentage was reduced when the embryos placed half dipped in the medium while the embryos which were placed horizontally elongated first and later turned into callus (Table. 3).
Plantlet Establishment
Healthy and mature seedlings formed from zygotic embryos cultured on MS and B5 media were taken out from the culture vessels and washed with distilled water to remove traced of agar. These seedlings were then transferred to plastic cups containing sterile vermiculate: garden soil (1:1), covered with plastic bags to maintain the relative humidity of 85-90% RH and incubated in culture room for 3 weeks. After 3 weeks seedlings showing healthy growth are kept in growth chamber with a temperature of 25± 2°C. The plantlets were later shifted to earthenware pots and maintained under field conditions in the research field. The survival percentage of plantlets was recorded as 78%.
IV. Discussion
Zygotic embryo culture is a technique which involves isolating and culturing of immature or mature zygotic embryos on a nutrient medium under aseptic conditions. This technique also helps in understanding concepts related to nutrient requirements of the growing zygotic embryo, shortening the breeding cycle and overcoming seed dormancy [19] .
In vitro propagation of S. alata using zygotic embryo explants was achieved by culturing the overnight soaked zygotic embryos on MS and B 5 media (Full and Half strength) with various concentrations of sucrose and on MS medium supplemented with different concentrations (0.5-5mg/L) of PGRs (2,4 D, BAP, KIN) as a sole growth regulator. The strength of the media, percentage of sucrose and orientation of the zygotic embryos on the culture medium played a vital role on the germination of the zygotic embryos and also on the development of healthy seedlings in S. alata.
Sucrose concentration is important in early stages of zygotic embryo germination as young embryos require a complex medium for growth and maturation [20] . It also helps in maintaining the osmolarity of the medium [21] and also prevents the embryos from entering into elongation state from division state [22, 23] . MS basal medium with 20 g/L sucrose is the most efficient medium for maximum percentage of zygotic embryo germination and plantlet formation in the present investigations.
Nitrogen source is supplied in the form of ammonium nitrate and potassium nitrate. These are major constituents of MS and B5 media which play a major role in proper growth and differentiation of embryos [24, 25] . Concentration of agar also plays a vital role in the development of zygotic embryos in vitro. Higher concentration of agar inhibits the growth by reducing the availability of water required for the proper development of the embryos [21] .
Maximum number of multiple shoots was observed on MS medium containing 20 g/L sucrose supplemented with 2.0 mg/L BAP in contrast to the results reported by Veen (1963) . He reported that cytokinins are ineffective and slightly promote the growth of young embryos when used as the sole PGR in the culture medium. Simultaneous rooting of the multiple shoots was also observed on the same medium without the addition of any auxins which agrees with the statement of Norstog (1979) that addition of exogenous auxins to the culture medium is not required for plant embryo growth in in vitro conditions.
The orientation of the zygotic embryos on the culture medium also affected the rate of germination. Embryos showed maximum percentage of germination when placed vertically on the medium as observed by Rambabu et al in Givotia rottleriformis [28] . The plantlets thus obtained were acclimatized by transferring them to plastic cups containing sterile vermiculite: garden soil (1:1), shifted to green house and transferred to the research field.
V. Conclusion
Seed dormancy is a major problem in woody legumes like Senna alata due to the presence of a hard, water proof seed coat that prevents its rapid multiplication. From our present investigation it can be concluded that such problems associated with seed dormancy can be overcome by culturing zygotic embryos in vitro under aseptic conditions. Our results also suggest that MS medium supplemented with 20 g/L sucrose supplemented with 2.0mg/L BAP (3.1 ± 0.32) was found to be the best medium for culturing zygotic embryos in vitro.
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